Abstract. Based on the conducted research, experimental data were obtained that allowed recommending a calculation and balance method for determining fertilizer rates for constructing a fertilizer calculation system, which allowed obtaining the maximum yield of winter wheat (6.01 t·ha -1 ) after the forecrop peas on leached chernozem. The optimal combination of systems for fertilizing winter wheat after its forecrop peas with methods and techniques for placing mineral fertilizer in a 0-20 cm soil layer has been established.Obtaining high and stable yields with good quality of grain production of winter wheat, preservation and improvement of soil fertility, improvement of economic indicators in farms is impossible without the use of a rationally composed fertilizer system. It implies a reduction in doses of fertilizers, an increase in soil stocks of nutrients. Modern fertilizer systems should be based on biologicalization of agriculture, combined with the rational use of mineral and organic fertilizers, in relation to specific soil-climatic and economic conditions, taking into account the requirements of ecology and adaptive farming. Different methods and techniques of tillage affect its structural state, the structure of the arable layer, water-air, nutrient and thermal regimes, thereby affecting the growth conditions of plants, which affects their productivity.The main objective of the research was to determine the influence of fertilizer systems, methods and techniques of tillage on the food regime of leached chernozem and the productivity of winter wheat.The studies were carried out in an experimental crop rotation of the permanent study area located at the experimental station of the Stavropol State Agrarian University. The station is a longterm experience "Theoretical and technological bases of biogeochemical flows of substances in agrolandscapes", registered in the certificates record of long-term experiments of the GeoNetwork of the All-Russian Scientific Research Institute of Agrochemistry of the Russian Federation.
Introduction
Winter wheat yield and quality are determined by a host of environmental factors; however, the high grain yield and quality can be achieved only by maximally approximating crop growth, development, wintering, nutrition, yield structural elements' formation and other conditions, varying in relation to natural-climatic factors, soil peculiarities, agronomic practices applied or crop cultivation technologies to optimal ones. The quality of winter wheat yield depends on physiological-biochemical processes, which occur in plants during ontogenesis [1] .
Obtaining high and stable yields with good quality of grain production of winter wheat, preservation and improvement of soil fertility, improvement of economic indicators in farms is impossible without the use of a rationally composed fertilizer system. It implies a reduction in doses of fertilizers, an increase in soil stocks of nutrients. Modern fertilizer systems should be based on biologicalization of agriculture, combined with the rational use of mineral and organic fertilizers, in relation to specific soil-climatic and economic conditions, taking into account the requirements of ecology and adaptive farming. Different methods and techniques of tillage affect its structural state, the structure of the arable layer, water-air, nutrient and thermal regimes, thereby affecting the growth conditions of plants, which affects their productivity [2] .
The main agrotechnical method of increasing soil fertility and crop productivity is a rationally composed fertilizer system, taking into account the bioclimatic potential of the area (zone), plant characteristics and market conditions. Soil fertilizer performs not only the functions of replenishment of nutrients for plants, but also their mobilization in the soil in an accessible form, increasing the energy of life processes in the soil, improving their properties. Consequently, a scientifically based fertilizer system performs important ecological functions when applied in the agroecosystem. It is most effective to use fertilizers in crop rotation. Only rational use of agrochemical agents will preserve and maintain high soil fertility [3] .
Balanced nutrition of plants with macronutrients and microelements controls numerous metabolic processes and plays a key role in the formation of the crop and its chemical composition. All nutrients DOI: 10.22616/ERDev2019.18.N198 perform vital functions in the plant. Their content determines the productivity of crops, the shortage of nutrients will certainly affect the yield and quality of products. Plants are almost indifferent to what is the source of nutrients -the solid phase of the soil or fertilizer. It is important that they are in the soil in sufficient quantity and optimal ratio. At any level of chemicalization of agriculture it is necessary to control the state of the balance of nutrients in the system "soil-plant" [4;5] .
Stavropol Territory maintains the position of one of the largest grain-producing regions in Russia and a supplier of high-quality grain. However, obtaining high and stable yields with good quality of grain production of winter wheat, preservation and improvement of soil fertility, improvement of economic indicators in farms is impossible without the use of a rationally compiled fertilizer system. It implies a reduction in doses of fertilizers, an increase in soil stocks of nutrients.
Modern fertilizer systems should be based on biologicalization of agriculture, combined with the rational use of mineral and organic fertilizers, in relation to specific soil-climatic and economic conditions, taking into account the requirements of ecology and adaptive farming. Different methods and techniques of tillage affect its structural state, the structure of the arable layer, water-air, nutrient and thermal regimes, thereby affecting the growth conditions of plants, which affects their productivity [6;7] .
Materials and methods
The main objective of the research was to determine the influence of fertilizer systems, methods and techniques of tillage on the nutrient regime of leached chernozem and the productivity of winter wheat.
The objectives of the research included:
• to study the effect of fertilizer systems, methods and techniques of tillage on the dynamics of agrochemical indicators 0-20 cm of the leached chernozem layer during the growth and development of winter wheat; • to determine the effect of the methods studied in the experiment on the yield and qualitative characteristics of winter wheat grain. The soil of the experimental plot is leached chernozem, powerful, slightly humus, heavy-loam. It is characterized by average values of humus content (5.2-5.9 %), mobile phosphorus (22-28 mg·kg -1 ) and exchangeable potassium (240-290 mg·kg -1 ). The nitrification capacity of the soil is increased -16-30 mg·kg -1 . The reaction of the soil solution is neutral -6.1-6.7 units. In the experiment, a zoned variety of winter wheat Zustrich was studied. The forecrop is pea. Fertilizers were used: ammophos, nitroammofosk, ammonium nitrate, potassium chloride. Experience two-factor, 3×4. Placement of options randomized according to the method of split plots, the repetition of the experiment is 3 times, the plot width is 7.5 m, length is 1 m. The total plot area is 108square meters, and the accounting area is 50square meters [2] .
Factor A -methods and techniques of tillage. The variants with the fertilizer systems studied according to the scheme of experience were superimposed on the variants with various methods and techniques of the main tillage: 1. Moldboard method (mounted plough 5-35), 20-22 cm; 2. Combined method (tillager -6), 20-22 cm; 3. Surface tillage (disk tiller 4×4) 10-12 cm.
Factor B -fertilizer system (Table1). During the period of the research, surveys, observations and analyzes were carried out. In soil samples, the following was determined:
• nitrate nitrogen by the ionometric method using an ion-selective electrode, In plant samples it was determined:
• yield of winter wheat by the method of mechanized harvesting according to the State measurement system (1983); • grain quality of winter wheat: protein according to the State standard GOST 10846-91;
• gluten mass fraction -according to the State standard GOST 13586.1;
• vitreous -according to the State standard GOST-10987;
• 1000 grains mass -according to the State standard GOST 10842-89;
• statistical processing of experimental data by correlation-regression and dispersion methods [8;9] .
Results and discussion
The values of mineral nitrogencontent in the variants with the use of the moldboardtillage method turned out to be significantly higher than the combined method and the surface tillage method by 2.6 and 4.8 mg·kg -1 of soil ( Table 2 ).
The maximum content of mineral nitrogen in the 0-20 cm layer of leached chernozem during the growing season of winter wheat was obtained using the moldboardsoil tillage method-24.9 mg·kg -1 , which is significantly higher (2.6 and 4.8 mg·kg -1 ) of the combined method and surface tillage. Fertilizer systems significantly increased the concentration of mineral nitrogen as compared with the control -by 2.2-8.4 mg·kg -1 . The highest content of mineral nitrogen in the soil -25.3 mg·kg -1 was noted in the tilleringstage, and then there was a decrease towards the full ripeness phase.
During the growing season of winter wheat, the content of mobile phosphorus on all variants of the experiment steadily decreased with the achievement of minimum values in the phase of full ripeness. The maximum content of mobile phosphorus, 22.2 mg·kg -1 , was noted on the variants using the moldboardsoil tillage method ( Table 3) .
The use of fertilizers significantly increased the average elemental content in the 0-20 cm soil layer as compared with the control by 2.2-9.7 mg·kg -1 soil. The content of mobile phosphorus turned out to be higher in the variants with the moldboard soil tillage method as compared with the combined one by 0.7 and 1.7 mg·kg -1 relative to the surface tillage. The maximum content of mobile phosphorus, 25.3 mg·kg -1 of soil, on the variants with the use of all fertilizer systems was noted before the sowing of the crop, then there was a significant decrease with the minimum values in the phase of full ripeness of winter wheat -17.0 mg·kg -1 of soil. The combined method and surface treatment of the soil reduced, relative to the moldboard method, the content of exchangeable potassium on average during the growing season by 6-8 mg·kg -1 of soil. On the variants with the use of the moldboard soil tillage method, on average, by experience, the maximum content of exchangeable potassium, 243 mg·kg -1 of soil, was noted ( Table 4 ).
The use of fertilizers increased the concentration of the element relative to the control by 13-26 mg·kg -1 of soil throughout the growing season of winter wheat. Before sowing winter wheat, the content of the element was 254 mg·kg -1 , by the heading stage of the crop the content reached 222 mg·kg -1 , and by the full ripeness phase, the concentration of the element increased to 230 mg·kg -1 . The maximum content of exchangeable potassium in the soil layer of 0-20 cm was noted in the variants with biologized and computational fertilizer systems.
All the fertilizer systems studied in the experiment significantly increased the yield of winter wheat, and the difference relative to the control was: on the moldboard method -1.31-2.23 t·ha -1 , combined -1.14-1.88 t·ha -1 , surface treatment -0.99-1.62 t·ha -1 . Surface treatment significantly reduced the crop yield (0.56-0.63 t·ha -1 ) as compared to the moldboard and combined methods of tillage (Table 5) . The maximum yield of winter wheat (6.01 t·ha -1 ) was obtained by introducing a calculated dose of fertilizer (N 120 P 75 K 24 ) against the background of the moldboard soil tillagemethod, which is slightly higher than the values on the combined method (0.07 t·ha -1 ).
Fertilizer systems had a positive effect on the grain quality of winter wheat, increasing compared to the control: gluten content -by 3.4-9.3 %, glassiness -by 10.0-23.2 %, protein content -by 1.91-3.98 %. On the fertilized variants, the grain corresponded to all quality indices III, on the control variant IV and VI classes (Table 6) . The maximum values of the grain quality indicators were obtained on the variants using the moldboard soil tillage method.
Conclusions

1.
The maximum content of mineral nitrogen in the 0-20 cm layer of leached chernozem during the growing season of winter wheat was obtained using the moldboard soil tillage method -24.9 mg·kg -1 , which is significantly higher (2.6 and 4.8 mg·kg -1 ) than with the combined method and surface tillage. Fertilizer systems significantly increased the concentration of mineral nitrogen as compared with the control -by 2.2-8.4 mg·kg -1 . 2. The maximum content of mobile phosphorus, 22.2 mg·kg -1 , was noted on the variants using the moldboard soil tillage method. The use of fertilizers significantly increased the average elemental content in the 0-20 cm soil layer as compared with the control by 2.2-9.7 mg·kg -1 soil. 3. On the variants with the use of the moldboard soil tillage method, on average, by experience, the maximum content of exchangeable potassium, 243 mg·kg -1 of soil, was noted. The use of fertilizers increased the concentration of the element relative to the control by 13-26 mg·kg -1 of soil throughout the growing season of winter wheat. 4. All the fertilizer systems studied in the experiment significantly increased the yield of winter wheat, and the difference relative to the control was: on the moldboard method -1.31-2.23 t·ha -1 , combined -1.14-1.88 t·ha -1 , surface treatment -0.99-1.62 t·ha -1 . The maximum yield of winter wheat (6.01 t·ha -1 ) was obtained by introducing a calculated dose of fertilizer (N 120 P 75 K 24 ) against the background of the moldboard soil tillage method. 5. Fertilizer systems had a positive effect on the grain quality of winter wheat, increasing compared to the control: gluten content -by 3.4-9.3 %, glassiness -by 10.0-23.2 %, protein content -by 1.91-3.98 %. On the fertilized variants, the grain corresponded to all quality indices III, on the control variant IV and VI classes.
